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1. [bookmark: _Ref4817]Introduction
In RAN#102 meeting, a new SID on enhancements of network energy saving has been approved [1], one of the objectives is to adapt the common signal/channel transmission, which has been discussed during R18 SI and proved to be beneficial for energy saving, the related objective is as following,
	3. Specify adaptation of common signal/channel transmissions. [RAN1/2/3/4] 
· Adaptation of SSB in time domain, e.g. adapting periodicity 
· Adaptation of PRACH in time domain
· Study adaptation of PRACH in spatial domain, e.g. non-uniform PRACH resources per SSB, and specify if found beneficial
· This study is to be done in 2Q’2024 only
· Adaptation of paging occasions including confining the paging occasions in the time domain
· Note: there shall be no paging latency increase
· Note: there shall be no negative impact to legacy UEs, unless significant benefits are shown 




In this contribution, we give our considerations on the adaption, including the scenarios to use the adaption and how to adapt, and give our proposals.
2. Discussion on adaption of SSB in time domain 
According to current spec in TS 38.331, the MIB is always transmitted on the BCH with a periodicity of 80 ms with repetitions made within 80 ms, and the actual repetition interval is aligned with the period of SSB. And in TS38.213, the corresponding description is that for initial cell selection, a UE may assume that half frames with SS/PBCH blocks occur with a periodicity of 2 frames, which is 20ms. Therefore, to ensure UEs access to the cell correctly, gNB has to transmit SSB in a repetition period of 20ms. But this may be related to UE implementation, for example, how long UE will keep searching on one sync raster.
So we may need to clarify that what is the baseline for designing SSB adaption. If the baseline is SSB periodicity with 20ms, or can be relaxed to 40ms, then the SSB periodicity adaption to a larger one such as 80ms or 160ms is meaningful for power consumption. But if the baseline is SSB periodicity with 160ms, which means even UE assumes the SSB periodicity is 20ms, gNB can still transmit SSB with periodicity of 160ms, and inform UE by the SIB1, then 160ms is the most power saving SSB periodicity, adapting it to a smaller periodicity does not provide additional power saving gain, unless larger periodicity than 160ms is applied, e.g. 320ms or 640ms.
Observation 1: The baseline for enhancement of SSB adaption in time domain needs to be clarified, if the assumption is that network has to transmit SSB with 20ms periodicity, then SSB adaption to a larger periodicity than 20ms is beneficial for network energy saving.
Considering that current 5G deployment usually transmits with a 20ms SSB periodicity, we take this as the baseline for SSB adaption design in time domain. By increasing the SSB periodicity, gNB will have larger time gap for sleep, the chances to go to deep sleep increases, so power consumption of gNB can be saved.
2.1. Scenarios for adaption of SSB in time domain
There are two scenarios that can be considered for SSB adaption, Scenario 1 is for CA cases, and Scenario 2 is for non-CA cases.
· Scenario 1 (CA case): SCell turns off SSB (or transmits with a larger SSB periodicity) for power saving, and turns on SSB based on traffic needs.
For this scenario, the power can be saved when the SSB transmission is turned off or changed to large periodicity. Traditionally, when a SCell is deactivated, it can still be measured, the measCycleSCell configured in measObjectNR provides the measurement cycle for this SCell, which is no less than 160ms. This is sparser than the SSB-MTC configured in SCellConfig, which means gNB has to send SSB more frequently on SCell than UE performing measurement. Therefore, if gNB can turn off SSB or transmit with a larger SSB periodicity, the power can be saved. And this means SSB needs to be adapted to normal SSB periodicity when activated.

· Scenario 2 (non-CA case): SSB periodicity adaption is applied to a cell which can be accessed by idle/inactive UEs.
[bookmark: _GoBack]For a standalone cell which can be accessed by UE, SSB and SIB1 is needed for UE to obtain essential cell synchronization and system information. When SIB1 transmission can be temporary shut off for power consumption as discussed in agenda 9.5.2, SSB can also be adapted, by reducing SSB transmission with a larger transmission periodicity. As shown in figure.1, compared to normal 20ms SSB and SIB1 periodicity, when on demand SIB1 is applied and SIB1 transmission is stopped, only sparse SSB is transmitted for idle/inactive UEs to get initial cell synchronization, so that UE can get initial synchronization with the cell and trigger on demand SIB1 on this cell.
[image: ]
Figure.1 SSB adaption in combination with on demand SIB1

Proposal 1: Consider at least two scenarios for SSB adaption in time domain,
· Scenario 1 (CA case): SCell turns off SSB (or transmits with a larger SSB periodicity) for power saving, and turns on SSB based on traffic needs.
· Scenario 2 (non-CA case): SSB periodicity adaption is applied to a cell which can be accessed by idle/inactive UEs.

2.2. Discussion on how to adapt SSB in time domain
For the adaption, we will discuss two scenarios separately.
· Scenario 1: CA case
There can be two cases for SSB adaption in this scenario, 
(1) [bookmark: OLE_LINK1]Case 1 includes three different SSB transmission states (phases) as show in Figure.2.
(2) Case 2 includes two different SSB transmission states (phases), and phase 2 in Figure 2 does not exist.
For case 1,
1) [bookmark: _Hlk159080430]In phase 1, SSB can be transmitted with a larger periodicity than normal phase 3 (e.g., the periodicity can be larger than 160ms) as shown in Figure 1(a) or can be completely turned off as shown in Figure 1(b). This phase can be used for the deactivated SCell and can also be used after SCell activation and there is no data to be transmitted, so gNB enters a power saving state. The network energy saving is mainly from this phase.
2) In phase 2, SSB is transmitted with a smaller periodicity than normal phase 3. The dense SSB transmission in phase 2 can provide fast synchronization or measurement for UE. This phase is used for fast SCell activation.
3) In phase 3, SSB is transmitted normally for UE to do proper measurement and ensure data transmission performance.
[image: ]
Figure.2 SCell SSB adaption case 1
For phase transition, SSB adaption indication is needed, either explicitly or implicitly. For transition from phase 1 to phase 2, explicit indication can be supported, for example, as discussed in agenda 9.5.1, carried by SCell activation signaling. For transition from phase 2 to phase 3, either explicit or implicit way can be considered. For example, if the transition occasion can be predefined by some rule, the signalling overhead can be reduced. For transition from phase 3 to phase 1, explicit indication such as SCell deactivation signaling can be discussed. It is summarized in Table.1.
Table.1 SSB adaption indication for phase transition of case 1
	Phase transition
	Indication method

	Phase 1 to phase 2
	Explicit indication, such as SCell activation signaling

	Phase 2 to phase 3
	FFS explicit or implicit indication

	Phase 3 to phase 1
	Explicit indication, such as SCell deactivation signaling



For case 2, phase 2 in above Figure.2 does not exist, gNB stays in a state either with normal SSB transmission to serve UE traffic or with sparse/no SSB for power saving.  
[image: ]
Figure.3 SCell SSB adaption case 2
Then the transition only happens between two phases.
Table.1 SSB adaption indication for phase transition of case 2
	Phase transition
	Indication method

	Phase 1 to phase 2
	Explicit indication, such as SCell activation signaling

	Phase 2 to phase 1
	Explicit indication, such as SCell deactivation signaling



Proposal 2: For SCell in deactivated state or for gNB power saving after SCell activation, SSB can be can be completely turned off or transmitted with a large periodicity. 
Proposal 3: For fast SCell activation, dense SSB transmission can be considered.
Proposal 4: For SCell SSB adaption in time domain, either explicit or implicit indication can be considered to trigger the transition among different SSB transmission states.
· Scenario 2: non-CA case
For non-CA case, as shown in Figure.4, when gNB decides to enter power saving state, it indicates UEs about the decision and change the SSB periodicity to a larger one for more deep sleep chances, that is phase 1 in Figure.4. And when UE needs, it can trigger normal SSB transmission for communication with the network, and gNB can also change to phase 2 based on its decision, in this way, it can indicate UE about the change. 
[image: ]
Figure.4 SSB adaption in combination with on demand SIB1
SSB adaption in this case can be applied in combination with on demand SIB1, as shown in Figure.4. For example, when UE triggers on demand SIB1, gNB can fall back to normal SSB transmission along with normal SIB1. When gNB wants to turn off SIB1 by indication, SSB can adapt to a larger periodicity based on the same indication.
Proposal 5: For non-CA case, SSB transmission is adapted between a larger periodicity and a smaller periodicity.
Proposal 6: For non-CA case, SSB adaption from power saving state to non-power saving state can be triggered by UE or indicated by gNB.
Proposal 7: For non-CA case, SSB adaption from non-power saving state to power saving state can be indicated by gNB, FFS explicitly or implicitly.
Proposal 8: For non-CA case, SSB adaption and SIB1 adaption can be used together and the same adaption signalling can be considered.

3. Discussion on adaption of PRACH in time domain
[bookmark: OLE_LINK2]PRACH configuration is broadcast in SIB1, so that UEs in idle/inactive state can get the essential information for initial access. The related high layer parameter prach-ConfigurationIndex configures the PRACH format and available set of PRACH occasions (e.g., PRACH periodicity, duration of RO and locations of the ROs within the PRACH periodicity). Here when PRACH adaption is introduced, it means more dynamic PRACH configuration change than SI update, since the latter one can be realized based on implementation. 
There are two alternatives to realize dynamic PRACH adaption,
· Alt.1: Adaption between two prach-ConfigurationIndex. With more dynamic indication, such as broadcast DCI, the PRACH configuration changes between two prach-ConfigurationIndex. For this alternative, the SSB to PRACH association may be changed since the periodicity and number of ROs can all be changed with different prach-ConfigurationIndex. And legacy UE may have problem if the SSB to PRACH association is changed.
· Alt.2: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption. Legacy UE can use the basic configuration, the SSB to PRACH association is not changed. The additional RACH configuration is turn on or off based on adaption indication. R19 NES UEs do a separate SSB to RACH association for the additional RACH resources, so it will not affect the legacy SSB to PRACH mapping. 
Alt.2 seems providing better forward compatibility compared to Alt.1 and is also flexible for power saving.
Proposal 9: Two alternatives can be further studied for PRACH adaption,
· Alt 1: Adaption between two prach-ConfigurationIndex. 
· Alt 2: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption.
Observation 2: Alt 2 seems to provide better forward compatibility compared to Alt.1.
4. Discussion on adaption of paging occasions
The motivation of paging adaption is to gather the paging occasions in each DRX cycle within a short duration, so that gNB can send all the pagings within a short time and then go to sleep for longer time.
The detailed paging occasion calculation update to realize such centralized paging is up to RAN2, and RAN1 can discuss how to realize the adaption of paging for R19 NES UEs. Since there will be legacy UEs in the cell, gNB still has to paging legacy UEs with evenly distributed PO in the DRX cycle, when the paging rate for legacy UE is high, the localized paging configuration can fall back to legacy distributed PO. Otherwise, the NES UEs can use the centralized PO configuration for gNB to save power. Therefore, RAN1 can study how to realize the adaption between R19 compact paging configuration and legacy paging configuration.
Proposal 10: RAN1 can study how to realize the adaption between R19 compact paging configuration and legacy paging configuration.
5. Conclusion 
In this contribution, we the adaption of common signal/channels, include SSB, PRACH and paging adaption, and the following proposals and observation are made:
For adaption of SSB in time domain,
Observation 1: The baseline for enhancement of SSB adaption in time domain needs to be clarified, if the assumption is that network has to transmit SSB with 20ms periodicity, then SSB adaption to a larger periodicity than 20ms is beneficial for network energy saving.
Proposal 1: Consider at least two scenarios for SSB adaption in time domain,
· Scenario 1 (CA case): SCell turns off SSB (or transmits with a larger SSB periodicity) for power saving, and turns on SSB based on traffic needs.
· Scenario 2 (non-CA case): SSB periodicity adaption is applied to a cell which can be accessed by idle/inactive UEs.
Proposal 2: For SCell in deactivated state or for gNB power saving after SCell activation, SSB can be can be completely turned off or transmitted with a large periodicity. 
Proposal 3: For fast SCell activation, dense SSB transmission can be considered.
Proposal 4: For SCell SSB adaption in time domain, either explicit or implicit indication can be considered to trigger the transition among different SSB transmission states.
Proposal 5: For non-CA case, SSB transmission is adapted between a larger periodicity and a smaller periodicity.
Proposal 6: For non-CA case, SSB adaption from power saving state to non-power saving state can be triggered by UE or indicated by gNB.
Proposal 7: For non-CA case, SSB adaption from non-power saving state to power saving state can be indicated by gNB, FFS explicitly or implicitly.
Proposal 8: For non-CA case, SSB adaption and SIB1 adaption can be used together and the same adaption signalling can be considered.

For adaption of PRACH in time domain,
Proposal 9: Two alternatives can be further studied for PRACH adaption,
· Alt 1: Adaption between two prach-ConfigurationIndex. 
· Alt 2: There is one basic prach-ConfigurationIndex configured without adaption and another prach-ConfigurationIndex configured for adaption.
Observation 2: Alt 2 seems to provide better forward compatibility compared to Alt.1.

For adaption of paging occasions,
Proposal 10: RAN1 can study how to realize the adaption between R19 compact paging configuration and legacy paging configuration.

6. Reference 
[1] RP-234065, New WID: Enhancements of network energy savings for NR.



image1.emf
PBCH

PSS

SSS

normal 

SSB&SIB1

20ms

SIB1

sparse 

SSB&on 

demand SIB1

trigger on 

demand SIB1


image2.emf
SSB adaption 

indication 1

SSB adaption 

indication 2

SSB adaption 

indication 1

SSB adaption 

indication 2

phase 1: 

sparse SSB 

phase 2: 

dense SSB 

phase 3: 

normal SSB 

phase 1: 

sparse SSB 

phase 1: 

no SSB 

phase 2: 

dense SSB 

phase 3: 

normal SSB 

phase 1: 

no SSB 

(a) SSB is still transmitted with a large periodicity for power saving 

(b) SSB is turned off for power saving 

SSB 

SSB 


image3.emf
SSB adaption 

indication 1

SSB adaption 

indication 2

SSB adaption 

indication 1

SSB adaption 

indication 2

phase 1: 

sparse SSB 

phase 2: 

normal SSB 

phase 1: 

sparse SSB 

phase 1: 

no SSB 

phase 2: 

normal SSB 

phase 1: 

no SSB 

(a) SSB is still transmitted with a large periodicity for power saving 

(b) SSB is turned off for power saving 

SSB 

SSB 


image4.emf
SIB1 trigger

SIB1 turn off

phase 1: 

sparse SSB 

phase 2: normal 

SSB&SIB1 

phase 1: 

sparse SSB 

SSB 

SIB1


